values by 43% below to 50% above for sample episode patients undergoing coronary artery bypass surgery, A, by 39% below to 95% above for sample episode B, CO was determined simultaneously by the oesoand by 32% below to 96% above for sample episode phageal Doppler (OD) and thermodilution (TD) method C. Analysis of the changes in CO from sample episode A to B and from sample episode B to C, expressed in triplicate for three sample episodes: after induction as percentage values, showed a non-significant bias of anaesthesia during clinical steady-state conditions between the methods, but the 2 SD limits were ±44% (A), after start of surgery (B), and after sternotomy (C).
Introduction
flow in the descending aorta is applicable intraoperatively, minimally invasive, easy to perform, and The Doppler blood flow measurement technique theless expensive compared with the thermodilution oretically offers the possibility of continuous nontechnique which currently represents the clinical invasive cardiac output (CO) monitoring. Several apstandard for CO determination. Though the transproaches for the estimation of CO have been tested oesophageal Doppler technique offers an alternative for clinical usefulness: Doppler echocardiography at to invasive haemodynamic monitoring previous evaluvarious intracardiac levels [1] [2] [3] [4] [5] , the measurement of ation of transoesophageal Doppler devices has resblood flow in the pulmonary artery [6, 7] , in the asulted in conflicting results. Some authors judged the cending aorta [8, 9] or in the descending aorta [10] [11] [12] [13] [14] [15] [16] .
transoesophageal Doppler method to be a possible The transoesophageal Doppler measurement of blood alternative to the thermodilution technique [10, 11, 13] , and others considered the method to be of minor clinical usefulness [15, 17, 18] . In view of these dif- 
Methods
tories, North Chicago, IL) was introduced. This device Twenty-five patients, 19 male and six female, ranging emits a 4 MHz continuous wave ultrasound signal at in age from 30 to 74 yrs (mean age 60 yrs), who were a fixed angle of 45°, and blood velocity was measured scheduled for coronary bypass surgery were included using a 300 Hz high-pass filter. The best signal quality in the study. The study protocol was approved by the was achieved by visual control of the blood flow local ethical board and patients gave their written velocity curve. informed consent. All patients had normal myocardial CO was determined at three sample times: function and did not suffer from valvular heart disease 15-30 min after induction of anaesthesia under clinical or septal defects. Pre-operative ECG showed sinus steady-state conditions before surgical preparation rhythm without arrhythmia.
(sample episode A), after start of operation when Patients were anaesthetized using sufentanil, etodissection of the saphenous vein was performed midate and pancuronium; sufentanil and isoflurane (sample episode B), and immediately after sternotomy were used for maintenance of anaesthesia. Mechanical before chest retraction (sample episode C). Only CO ventilation was with 40% oxygen in air without positive measurements performed during sinus rhythm without ectopic beats were accepted for analysis. end expiratory airway pressure. Normoventilation was described by Bland and Altman [19] . The bias between the methods was calculated as the mean difference between ODCO and TDCO measurements. Student's TDCO measurements were performed by manual injection of 10 mL of ice-cooled 0.9% sodium chloride t-test was used to test whether the bias was different from zero (the ideal difference between methods). The solution. The average of three measurements randomly distributed over the respiratory cycle was calupper and lower limits of agreement were calculated as bias ±2 SD and defined the range in which 95% of culated. If there was more than a 15% variation between the values, five measurements were perthe differences between methods were expected to lie. The precision of the bias analysis and the limits formed, the highest and lowest values from CO calculation were excluded, and the remaining three of the agreement were assessed using 95% confidence intervals (CI). Differences between ODCO and TDCO values averaged.
ODCO measurements were performed simwere plotted against the means of the two methods.
As there was a trend towards increased scattering of ultaneously with TDCO measurements, and the CO and ±2.9 L min −1 in sample episode C. As the differences between ODCO and TDCO tended to increase with increasing CO (Fig. 1) , bias analysis was also performed for the log-transformed data, as suggested by Bland and Altman [19] . The plots of the log-transformed data showed less proportionality of the bias (Fig. 2) . The antilog values of the limits of agreement indicated that in 95% of measurements the ODCO values differed from the TDCO values by 43% below to 50% above for sample episode A, from 39% below to 95% above for sample episode B, and from 32% below to 96% above for sample episode C. When analysing the changes in CO from sample episode A to B and from sample episode B to C, the bias was small and not significantly different from zero ( Table 2 ). The 2 SD limits of the differences between OD and TD measurements, however, were 1.8 L min −1 (A to B) and 2.0 L min −1 (B to C). When analysing the differences of the changes, expressed 36% respectively (Fig. 3) . than 15%, ODCO changed 15% and 8% respectively in the opposite direction. differences with increasing CO, the limits of agreement were also calculated for the log-transformed data.
Discussion
Mean CO, determined by each method, and the coThe estimation of CO by TD has become the clinical efficients of variation (SD/mean·100%) of triplicate CO standard, despite the fact that the method is expensive, determinations using each method were compared needs trained personnel, and is associated with conusing Student's t-test.
siderable risks [20] [21] [22] . Furthermore, CO measurement by TD has limited accuracy and may be affected by
Results
many factors such as ventilation, volume and temperature of injectate, and technique of indicator One patient for whom unsatisfactory Doppler signals were obtained was excluded from further analysis.
injection [23, 24] . Whereas under experimental conditions an accuracy rate of 5-10% for TDCO measMean CO values measured by OD and TD for the different sample episodes are presented in Table 1 .
urements can be obtained [25] , differences of at least 15% in CO must be achieved under clinical conditions There were no significant differences between CO values assessed by OD and TD. The coefficient of for clinical relevance when using the triplicate method [23, 26] . variation of triplicate CO determination was 8.5% for the TD method and 5.2% for the OD method with
We observed, as have other authors [13], a significantly higher coefficient of variation for the TD significant differences between them (P<0.001).
The results of the analysis of CO determination are technique than for the OD technique. This phenomenon may be caused by respiratory-dependent presented in Table 1 . The mean bias of sample episode C (0.69 l min ) was significantly different from zero.
variations in ventricular filling and output, which are more pronounced in the right ventricle than in the The distribution of differences between ODCO and TDCO, indicated by bias ±2 SD, was ±2.1 L min −1 in left. The Doppler method calculates blood flow from measurement methods [19, 32] . Furthermore, repeated measurements and therefore more than one data point blood velocity and vessel cross-section area. The OD method assumes that the blood flow in the descending for each patient have been used by many authors to compute correlation coefficients [10,12,13,15,18,33]. aorta is laminar and, as only the midstream flow is assessed, the relation of midstream blood flow to This procedure, however, may influence the results of correlation analysis. For these reasons we performed total blood flow is constant. Furthermore, the angle between the ultrasound beam and the blood flow is statistical analysis using the method described by Bland and Altman [19] . assumed to be constant. The ODM II device estimated the cross section of the descending aorta from a
We observed a scattering of the differences between ODCO and TDCO that showed a trend which increased nomogram. The ratio between ascending and descending blood flow is assumed to be constant, and proportionally with the mean CO, a phenomenon which has not yet been discussed by other inthe blood flow in the descending aorta is estimated to be 70% of left ventricular output. Furthermore, the vestigators. Therefore, we additionally performed a bias analysis using log-transformed data [19] . The limdiameter of the aorta is assumed to be constant despite changes in the cross section due to fluctuations in CO its of agreement calculated by this method exceeded by far the variations accepted for CO measurements and blood pressure [30] , an assumption that nonetheless seems to be clinically practical for patients by the TD method and indicated a clinically relevant disagreement between the methods. over 20 years of age [31] .
To compensate for inaccuracies caused by these Whereas for sample episode A clinically steadystate conditions were guaranteed, instabilities in the numerous assumptions, transoesophageal Doppler devices have been developed which calibrate for aortic haemodynamic variables during sample episodes B and C cannot be completely ruled out, although not diameter and/or CO by transcutaneous measurements 
